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Theory in the Ple—equating of Aptitude Tests

Daniel R: Eigmor
N - Linda L. Cook
Educational Testing Service

Introduction

The current thrust of research devoted to the applicationms of
iteiFtéspohéé theory (IRT) has generated an active interest in the use
of IRT méthods in the solution of score equating problems (see Cook and
Eignor. 1983): Because of the special properties of test data
characterized by IRT models, users are often able to’ solve problems not
amenable to traditional equatdmg methods. For other situations, IRT
equating offers an alternative against which to evaliate traditional
methods. 1In addition, a ﬁUmbér Qf other important outcomes accrue from
the use of IRT For equating tests; among these are: 1) Improved
equating,.including better equating at the ends of the scale where
re—equating should items be deleted, and 4) the possible reduction of
bias or drifc in equating introduced when ffé&itibnallméthbés are used
over time in"cértéin situations, most notably when the equating samples
for the old and new forms are not random samplés from the sémél

popuiation.
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While ‘the abo;é iiété& outcomes accrue as the result of the
application of any IRT equating methed, if'fﬁé test forms to be equated
can be pre-equated using IRT .methods, a number of additional advantages
accrue. Pre-equating refers.to the process of éstablishing conversions

opetrationdliy. The process depends on the adequate pretesting of a pool
of items from which the new test will be built, the calibration of ;heée
items using [RT methods, and tﬁé utilization Of a linking scheme to
place the IRT parameters from the pretasted items on the same scale:
Among the additional advantages offered by IRT pre-equating are: 1)
Since equating using IRT pre-equating methods is Qaééisié prior to the
actual administration of thé test, new forms can be introduced at low
volume special administrations,; a particular problem if traditional
metiods are used; 2) sinte'pré:équatiﬁg permits linkages to many old
forms, it is the most likely of any equating method to yield acceptable
résuité should testing legislation mandate the disclosure of pretest cr
equating itemsi 3) pre-equating would allow more timértd do

hurried fashion due to Score reporting deadlines; and 4) pre—equating

would actually permit a reduction in the usual score reporting cycle
while simultaneously allowing mere time to do the equating itself. 1In
cHort; the listed advantages that can pdténtiéliy accriue from the use of

IRT rre-—equating " build a strong case for investigation of the

' feasibility of application of this method: In this report; the

applicability of IRT pre<equating to the Scholastic Aptitude Test (SAT) -

varbal section is comnsidered.



Problem and Purpose

To date; investigations of thé feasibility of pre-equating using LRT
the College Board have been done using data from the Test of Standard
Written English (TSWE) (Bejar and Wingersky, 1982). The Bejar and

ﬁinéeréky study (1982) indicated some discrepancies bétween pre-equating
results and the results.from traditional equatings in situations where
tradi. lonal equating was a reasonable procedure. The calibration system
used for pre-equating TSWE was considerably different, however, Erom any
systém that could be devised for pre-equating the SAT. Thus, although _
the results of the TSWE pre-equating study were not altogether
promising, there is little reason to éuggé§£ tﬁat'these resuits are
generalizable to pre-equating the SAT. For this reason, if was deémed
The purpose of this study was to determine the extent to which item
ﬁéiéﬁéiéfé estimated on SAT=verbal pretest data can be used for equating
purposes in a situation whe;e intact final Form SAT testing data has
normally béen used. ~The items that appear in any final SAT-verbal form
come from mu}ﬁipié pretests and to the extent that the item pérgﬁetef
estimates are ééﬁéiii&é to the context in which the item appears, or to

estimates and parameter estimates generated using data from the actual
final forim administration; resulting in a discrepancy between equating

basad on pretest item parameter éstimates and fntact final form item

¢
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parameter estimates. More specifically, im the study, items appeéring
in two final SAT-verbal forms, 3ASA3 and 3BSA3, were calibrated almost
completely from pretest data. (See section on IRT Calibration Design
and tiﬁkégé System.) An elaborate iinkage system, quite representative
of the system that would exist were pre-equating to be considered for
opérational use. was devised and utilized to ge: parameter estimates for
the items, contained in multiple pretests, on the same scale. The two
verbal forms under consideration wé:é both part of this linkage system.
The effects of using fhé parameter estimates, obtained from the

pretest data, on the equating process were evaluated in the following
way. Each of the SAT-verbal fiﬁai forms ander study, when administered
for the first time operationally, was equated to two different old forms
and tEé rééuiés of the equatings averaged. Conventional linear equating

redone using item pataméter estimates based on the pretest data and item

parametar astimates generated from the intact final form adninistration:

In each case, IRT trug-score equating was performed. TFor each form; the
equating batad on intact "inal form data and the iinear equating used
operationally whan each form was put on scale. IRT equating based on

intact final form data aad linear equating results were used as criteria

‘in this study for the following reasons: (1) In receunr IRT equating

feasibility studies (Petarsen, Cook, and Stocking, in press; Kingston
and Dorans, 1982), it has been demonstrated that intact form IRT
true-scoré equating is a viable equating method for aptitude test data;

and, (2) the linear methods; actually performed to put the forms on scale

&



operationally have undérgone many years of scrutiny through their use
for operational score reporting purposes. This study was done using two
SAT-verbal forms so that all results could be replicatéd. This should
pre-equating the SAT-verbal section than had the replication not taken

" place.

Methodo 7”i6g y

Description of Tests

Test booklets containing SAT forms such’ as those used in this study
consist of six 30—minute sections: . two SAT-verbal seci.ons; two
SAT-mathematical sections, one Test of Standard Written English (TSWE),
and one variablzs section. All examinees at a given administration take
the ;ame test sections except for the variable section, where different
sibsamplés of the total group receive different variable sections. - The
variable section consists of either one of two verbal or mathematical
common item equating sections (anchor tests) or oné of a number of
the verhal sections, verbal coumon item equating sections; and verbal
prétésts were uvsad. The samples nsed for calibration purposes in the
study either took the verbal sections and one of the verbal common item
equating cections or the verbal sections and one pf fhé verbal pretests.

The two SAT-verbal séctions contain a total of 85 five-choice items
(45 items in one section, 40 items in the other section) éomﬁriSéa.bf 25

antonyms, 20 analogies, 15 sentence completions, and 5 reading passages



. each of which is followed by 5 items basé&.On the passage. The verbal
sections are built to be as parallel as possible to the 40 item

\

SAT
“

fVérBéi section. The verbal pretest sections either contain 45 or 40
itéﬁs and are buiit to be as parallel as possible to the comparable
langth SAT-verbal sections.

Prior to 1982, raw scores on the SAT were typicaily transformed to
Scéaled scores on the College Board 200 to 800 scale via linear equating
methods. Since jéﬁ&éfy of 1982, IRT true-score equating using intact
cinal form data has been used to put forms od scale. SAT-verbal raw
scores are obtatned scores that have been corrected for guessing. Raw
éééfeg are cbmputéd by the formula R~éw, where R is the namber of -
correct responses, W is the number of incorrect résponses;vaﬂﬂ (k+1)
equéié the number of choices per'itém.

{tem Calibrstion Design and Linkage System

pretest items corresponding to the verbal sections of two forms of
the SAT, 3ASA3 and 3BSA3, were calibrated and placéd on a comion scale
through an élaborate linkage system which utilized data on overlapping
items from the administration of intéct.fihai forms with either pretest
sections or common item équating sections. The calibration linkage
system, {nvolving the pretests; final forms, and equating cections is
depictéd in Figure 1. Responses from randomly selected samples 6f
approxinately 3000 examinees taiking each prztest-final form combination
and approximately 2700 taking each finaivfofm-éddéfiﬁg section
combination were used for calibration purposes. Each box in Figiure 1

S

represents a separate calibration (Computer run). The dotted-lire boxes
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within the larger boxes indicate the overlapping items that weére used to
place parameter estimates on the same scale within a S£ng1e calibration
run. The directional arrows Betweeh_;he boxes indicate thdt a scaling
program (described in a later section of this paper) was runm to place
patameter estimates from the ééparate;caiibrainﬁ runs on the same
scale. It should be noted that all items contained in each 40 item
equat ing section appearing in Figure I were calibrated; however this was

aot the case for all items in each ﬁfeteSt or fiqai form. In- order to

used for linking purposes and onI—"Ehe 170 (85 items X 2 forms) pretest

items which eventually appeared in final forms 3ASA3 and 3BSA3 weré
.. calibrated. Table l contains the total number of items and also the

total number of examinees responding to thé items for each of the 13
calibration Edﬁg. Table 2 1lists the number of pretest items calibrated
in each of the runs. Further reduction in costs were made possible by
using existing parameter estimates from the SAT IRT Scale Drift Study
(Petersen, Cook, and Stocking; in areéS) whenever possible. Also,
certain final form—equating sectiocn combinations from the Sééié Drift

“

overall calibration linking system though.they were not essential to
getting the pretest patameter estimates on the same scale. This was
done for equating ﬁﬁfﬁdées, and will be described in a later section.

[

Item responsé theory (IRT) assumes that there is a mathematical

function which relates the probability of a correct response on an item

IPretest data did not exist for 8 of the 85 1*ems in Form ?ASA3 There;ore,

final form data had te be used in the calibration system. This data was

obtained from calibration run number 9 in Figure 1,

9
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Table 1
fotal Number of Ttems and Total Number of Examinees

for each of the LOGIST Calibration Ruhs

LOGIST Caiib'rféii;oﬁl fotal Numbér of  Numbér of Pretest  Number of Fquating Number of SAT-verbal — Total Numbers
Run Number ltens Calibratéd  Itéms Galibrated  Section Items Calibrated Section Items Calibrated of Lxaminees
1 135 55 40 . 40 8,459
2 162 Z 80 ) . 8,519
© 3 e i \ 80 40 7,964
4 120 - § 80 40 6,181
5 174 14 Vo8 80 14,069
6 132 | 2 80 40 22,922
1 120 - .80 40 5,123
8 137 17 80 40 25,778
9, 125 y 40 85 VNI
10 298 58 120 | 120 ‘ 20,660 1
it i1 1 8 0 . 10,47 ¥
12 82 2 i0 50 8146
13 125 - 40 g5 - 3,75

1,892 - 162° 920 810 143,499

lLOGISf run number refers to idéntification scheme in Figure 1:

QPIQtEbt data did not exist for 8 of the 85 items in 3ASA3 and hence, final form data had to be used for
callbration purposes Thus only 162 of the total 170 pretest 1tems were calibrated.

r
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Table 2

Number of Items Caiibrété& from Fach Pretest Form

o TomiNo o Moiof Mo, of |y Tomlleo  Hoiof Ko of
Pretest LOGIST of Itens  Items  Ttems | Pretest LOGIST™ - of Irems Itens  Itema

_Forn__ Run Noi _Calibrated In 3ASA3 dn 98SAY | _Form _ Run No, Calibrated in 3ASA3 in JBSK3
167 1 2 13 | s 8 2 1 1
T AR S
X608 2 7 - 7 | w09 8 ] - 1
K128 3 1 - t | s 6 2 1 1
MBS 7 . 7| a8 5 ] -
N A T
oW S 3 3 S I I TR ; .
om0 6 3 i i | Bw 10 1 . i
5126 6 2 - ) e w0 .0® . B U
Xs161 6 1 - 1 | cmw 10 2 1 1
X5132 b 1 - 1| e U 1 i :
Gt 6 5 - s |wis 1w 1 -
uoe6 12 1 1 -

Totals wt ot

Loctst i mer vefers to the ldentification achene 1n Figire L.
2Pretﬂst data did not extst for 8 oi,the 85 items 1n 3ASA3 nnd hence, final form data had to be uaed for

calibration purposes: Thus, only 77 (of 83) pretest itens vere calibrated for ASA3 and 162 (of 170) for
both forms;

0T+
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to an examinee's ability. (See i&rd, 1980, for a détéiiéd'diécussiqn;)
Many different mathematical models of this functional relationship are
possible. Thé model chosen for this study was the three-parameter
logistic hmdgi. In this model, the probability of a' correct response to
ftem i, Pi(e), is

o ~ L-cy .

P (8) = ¢y +—— (1)

i T4 é—l:792 ai(e—bi)

where a; , bi’ and o are three parameters describing the item and 6
. represents an examinee's ability. These parameters have specific

interpretations: b, is the point on the 0 metric at the inflection

point of P (6) and is interpretéd as the item difficulty; a; is
proportional to the slope of ﬁf(éj at the point of infiection and

represents the item discrimination; and c; is the lower asymptote of

?,(g) and represents a pseudo-guessing parameter.

The item parameters and examinee abilities for this study were
caiibrated using the program LOGIST (Wingersky, Barton, and Lord, 1982;
Wingersky, 1983). The estimates are obtained by a (modified) maximum
likelihood procedure with special procedures for the treatment of
omitted items (see Lord, 1974),

toGiST'Eéquités as input the responses to a set of items from a
group of éxaminees, coded to reflect items answered correctly;
incortrectly, omitted and not reached. In additicn, the user may specify

certain restrictions onm the data and parameters in order to speed

convergence of the iterative procedure. The major restrictions

specified for the studv for most of the LOGIST computer runs were:

16
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1. examinees who answered less than one—~third of the items were not_
used;
5. a's were restricted to a range of .01 to 1.75,

1.. c's were restricted to a range of .0 to .50 -or .75(p+),

4. o's were restricted to a range of -7.0 to 5.0. ”

LOGIST produces as output estimatés of the a; b, Sﬁ& ¢ for each item,
and 6 for each examinee.

Thirteen separitée LOGIST runs were necessary to calibrate the
pretest itéms, final form and éddating section items use&\fof linking
purposes; and the final forms to be used for équé‘lting pu;&{:ses. These
LOGIST runs are numbered 1-17 in Figure %;b éach of the éégéfate LOGIST
runs generated item parameter estimates on the béftiéuldr;écéié defined
by the ability distribution of the group of examinees used in\thé

éélibtation, and hence; a scaling program nad to be run to put\parameter
estimates from the separate LOGIST runs on a common scale. This .scaling
program also had to boe run to put the final form-equating section
combinations from the SAT IRT Scale Drift Study (Petersen et al, in
pregs) on the common scale: LOGIST run 10 in Figure 1 was chosen as the
base form for scaling purposes because it contains an SAT-verbal form
and equating secticr which are in common with a ééffiéi ﬁré;caliﬁrétiaal
linkage system recently dévised (Cook and Petersen, 1982) for possible
future operationéi éﬂ: use. '
Scalings

The scalings just referred to are indicated by the directional
arrows in Figure 1 (and also Figure 2, to be discussed in the following

section): A recently devised scaling method (Stocking and Lord, 1982)

Juy
NS
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vas used in the study. Briefly, the method works as Eollows. Lettilig
b, a, and c denote item difficulty, discrimination, éﬁd lower asymptote
parameters, a linear transformation of the form

b. = rb + m, N
(2)

transformed)

= a/r (T

£
u

is found which places new form Ltem parameters on the base form scale.
The r and m of this transformation are chosen Eéﬂﬁiﬁiﬁizé the average
squared dif ference befWeEh true scores on éﬁe égémbﬁ item set for a
particular group of examinees who have taken the vase form. It shoqi&
-Se noted that éf = c. so that there i no necessity to transform lower
asymptote parameters. This method implicitly makes use of data from all
the ?atamétérs—chéracterizing,an item Bééédée true scores are used in
the minimization pfocess.

Equétingrﬁesigﬁ

Operationally, the verbal sections of 3ASA3 and 3BSA3 were each
iiﬁééfl? equated to two old SAT forms and the results averaged. These.
equatings can e used as a means for evaluating the effects of using
é;émé calibrated from pretest data in the équating process. The

| following diagram depicts the actual equatings that took place, and the -

3ASA3 o 3BSA3

fm./ \ fm | fk, \.\-fw

XSA2 YSA3 YSAl . 3ASA1
For each équating depicted, IRT true-score equating. to ﬁé described
in detail in the next section, was done three different ways. The first

way, referred to as IRT pre-equating, involved the use of item parameter

18
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estimates based on pretest items which constitute 3ASA3 and 3BSA3, while
the other two wavs (both used as criteria to evaluate the Iﬁf
pre-equating) involve the use of item parameter estimates based on data
coliected when 3ASA3 and 3BSA3 were administered as final forms im an
fashion. In on2 Situation, referred to as intact form calibration
éysté1n equating, item parameter estimates for 3ASA3, 3BSA3, and thé old
forms to which they were aquated were placed on the same scale, which is
essential for IRT equaring; by being linked iito the overall calibration
and iinking plan shown in Figure 1. In this situation, the forms to be
equated were 11ngea {ndiréctly through muitiple scaling runms applied to
s number of intervening LOGIST runms which contain mulﬁi'p’le £inal forms
and equating sections. This was done in an attempt to simulate
conditions of one possible model under which intact final form IRT
equating might take piégé for the SAT in the future: In the other case,
réferrsd to as intact form direct link ejuating, parameter estimates for
the new (3ASA3 and 3BSA3) and old forms to be equated were linked
directly through common equating séctions. This linking is depicted in
Figure 2. |

Equating Methods

Linear equating methods produce an equating transformation of the
test score to which it 1s applied, and A and B are parameters estimated
from the data. The Tucker, Levine Equally Reliable, and Levine
Unequally Reliable linear equating models (Angoff, 1971, pp: 579-583)

are the models that have been used until 1982 for equating SAT=verbal.

19
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directly using intact form A3 data

— 9

A3
INTACT

To equate B3 to Y2 and Al

13

N

f‘igure 23\Verba intact form direct 1ink calibration and linking plan.

Uﬁbeg—case tetters followed by one digit designate intact SAT

finai\forms. Lower—-case letters designate common item equating

N
sections< . Boxes and ovals are numbered to directly correspond

“to ébmpara le boxes and ovals im Eigure 1. Arrows indicate
direction in which scaling (linking) took place.
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lChdicé of which of the three models to use for score reporting purposes
depends on 1) differences in ability between new and old form groups, as
measured by a set of common items (anéhOf test); édd'i).whétﬁer the new
and old Eééﬁéﬁéié édﬁéllf‘feliabie; which 1§ typically interpretgd to
mean of equal téét 1e£§th. ihéée models are based on univariate
selection sampiiag theory. Scores on the relavant selection attribute
(the attribute on which the equating samrles vary) are assumed to be
collinear with scoras on the anchor test in the case of the Tuckér model
and with true scores on both the anchor test and the test form in the
iase of the Levine models. Scores on the common item set (anchor test)
are used to estimate performance of the ¢ombined group of examinees on
both the old and new forms of the test; thdé‘simuiating by statistical
methods the situation in which the same group of examninees takes both
forms of the test.

The parameters A and i’;- of the equating Eiéﬁéa’rﬁéfioﬁ' are estimated
by means of an equation that expresses the relationship between raw
écores on two test forms in standard score terms: |

XM y-M |

S — i (3
S j s (3)
x v

I3

where x and y refer to the test scores to be equated, and M and S refer
to the means and éféﬁ&;f& deviations of the scores in some group of
exsminees: Methods using thé above equation differ in thelr
{dentification of the means and standard deviations to be estimated.
The Tuckér and Levine Equally Reliable methods are based on the
estimated iéans and éééﬁ&éf& deviations of observed scores whareas the
Levine Unequally. Reliable method is based on the estimated means and
standard deviations of trué Scores.

21
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~ Table 3

Formulas fof Lineéar Coaversion Parameters
Tuckar

NPT TP ST ISt R ST B JUPe S L

A (syb + cyvb(svc svb)/svb) (sxa + cxva(svc - sva)/sii)

BwM: +Co (M. -M )/si - AM. - AC_ (M -M /P
« “yb yvb " ve vb’ ' “vb xa xva' v¢ va’'“va

Levine éggéiiy Raltable

s e? v sl - g2 yis2 = s y/sE - s2oy%
‘2 a2 Q2 3 2,2 ey
(sVi + (sii = s*"i) (svc = sVl)/(sv. = s;"‘))

B-H’yb

vy oS3/ - 523k
+ (ch . Hvb) ((Syb si"b) / (svb s\i"ﬁ))

= . o oveeel - g2 2 _ 2 .k
- A =AM, = M ST, = Sl )/ (ST, = Spng))

Levine Unequally Reiiabie

T S S S S e S R P R S
A= ((syb - sy"b)/(svb - sV"b)) ((sxa - sxnl')/(s‘i. : sv".))

o N N NPT SIS SR
B "yb + oL “65)((595 sy..b>/(svb Synp)) L

Angoff Error Variance Estimates (Anchor Test External to Total Test)

3
. C. ..
PVK)

S 53 3 -
S5, = (8555 CWi)/(Svg +
= ¢sts 22

g PE-VE pvg)/(Sps +C )

PVE

Notation

New Test Form

0ld ‘'Test Form . .
Eithier New or 0ld Test Form
Anchor Test

Observed Score

Error Scora

Group Taking Test X and Test ¥
Group Taking Test Y and Tast V
Group Taking Test P.and Test V
Combinad Group

Mean

Standard Deviation

Covariance

'; ;i ';| b -
A AN

DR oM NX dYed M

or (a + b)

aouniX
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The formulas for computing the A and B parameters for the Tucker;
Levine Equally Reliable, and Lévine Unequally Reliable models,are given
15 Table 3. As noted in Table 3; the formulas for the Levine models

error varidrices is used for cperational linear equating. This method
4ssumes that the test to be equated and the anchor test are parallel

’”

except for lenzth. =

When a neéw form ig equated to two old fqms; the final linear
parametars to put the riew form on Scale are arrived at in thé;fdilowihg
fashion. Each éf the old forms has linear parapeters for plétiﬂg it on
scale; these parameters are combined with linear paraméters geqerated
from the equating telgtionsﬁip to derive pdrameters-to put Eﬁé.ﬁéw form
on scale. There wiii be a set of parameters for each equating to each
0ld form; the final set of parameters are arrived at by averaging thgf;

{

Although there are a number of equating techniques possible when
using IRT, this study was concerrned oinly with true formula score
equating (Lord, 1980). The expected value of an examinee's §b$érVéd

formula score is defined as his or her true formula score. For the true
_ . / .

-

formula score, ¢ , we have ‘

. k F 1 7 ' :
- r; ,(Ei,, D P. (&) - I : )
i i= 1 k; i k:

d i 1]

ghere n is the number of items in the test and (R—i+1) is the number of

choices for ifem 1. If we have two tests measuring the same ability 6,
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g e g . [ o » e ﬂ?
en trae formula scores ané n from the two tests are related by the
[l . . h

equations
_ E Z ,(?kii; l) . 1
N T A
1 =1 i - i N
o 7 ] . (5)
@ k, ¥1) ]
- - —_—— . i
n= £ |—=kb—— P _(8) - =
s = k. -3 k;
j=1 3 . i

identical meaning. They are said to be equated.

Beé§USe.tfue féfﬁuiénéééféé below the chance score level are
unidefined for the three-parameter logistic modél, Some wmethod must be
estabiished to obtain a félétiéﬁéhip between scores béioﬁ the chance
jevel oh the two test forms to be equated. The approach used for this
study (Lord, 1980) was to estimate the mean (M) and Standard-deviatioh

formuiéé
M= E 2 ci(ci + l)/ki - l/ki s and (6)
1=1 . ,, o
7' n 7 ‘6 77 - :7 - - .
s? = I (¢ - /B G + 12762 ]
= t=1.% i

where n is thé numbér of items in the test; (k;+1) fs the number of
choices for item i, and cy is' the psuedo-guessing parameter for item 1i;
‘anid then to use these estimates to do a simple linear equating (see

equation (3)) between the two sets of below chance level scores.

24
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In practice, true score equating is carried out by substituting

T///estimatea parameters into the equations (5) and (6). Paifed values of &
and n are Eaéhféoﬁbutéé For a Séries of arbitrary values of 6: Since we
cannot know &n examinee's true f0rmuia.sqpre;'%é act as if relationships
¢5) ;nd (6) apply to an examineéié cbse;ved formula score.

Two further points require clarification. First, the mécﬁaﬁicg of
doing IRT trﬂETSéﬁié equating Bas?& on pretest data (pre-equating) and
based on intact fina} Edérm data aré exactly the samé. What differs are
the item ﬁéféﬁéééf'éétimatéé that are uéeé to caltulate Pi(éj in
equation (4). In one instance thé parametors have been céf;bféié& for
the item-when given ia é;prétési; and in iﬁé other instance; when the
item was given as pétizéﬁ an intact final form. Second, when performing

. score equating to two old -forms using IRT true-score equating
techniques, a conversion table is generated for each’ mew form-old form -
relationship an¢ then the céffééﬁbﬁ&iﬁ?'éﬁfiiéé in each table are simply

‘averaged to generate the final table.
Results

- Pre-equating Results

» A number of figures and ‘tables have been prepared to summarize the
results of this study. Because the equatings done for 3ASA3 aad for

3BSA3 are independent, and meant to sérve as replications of the

nre-equating process, the figures for each fﬁrm can be viewed

ceparately. Because each of the forms was equated to two old Eorms,

there é;é figures for each of the single éqﬁéfings and then the équating
‘Yesgiéing.from the averaging of the single equatings.

25,
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In the figutes‘for each equating Beffotmed, there are two plots.
The first plot compares the raw to scalé& score conversion line
resulting from the IRT pre:équating'to one of the three comparison
conversion lines; resulting from either the intact form calibration
sistem IRT équéting, the intact form diEééE link IRT equating, or the

reporting purposes. The second plot contains residuals. These.w i

residuals are simple differences between scaled scores resulting from

the IRT pre—equating and one of the comparison equatings for each
nosSible formula score point. The ﬁlots use the comparison- equating
(intact form calibration IRT equating; intact form direct link IRT )
equating, or ihtEﬁt form linear équating) as the baseline and show

dif ferences between the pré:equating equating and the baseline-equating
results across the formula score s scale. #As mentioned earlier, the
intact form calibfation system and _irect link IRT équatings were chosen
as baseline eqlatings for these residual piots because this sort of IRT
equating has been shown in pi:evious studies to be a viable eguating
mefhod for SAT data, and pr'ovicles" a good criterion equating against

- . -y ‘

yahi ch to evaluate the pre—equating results: The intact form litear

equating was also used as a basoline because this was the method
actually used to put 3AoA3 and 3BSA3 on scale operationally. ot the

three eomparison equatings, the intact form direct link equating should

provide the best c1iterion against which to evaluate the pre—equating

7
results in that 1) the relationship between the parameter estimates, for

the forms to be equated, £rom the separaté LOGIST rums have not been

influenced by intervening scalings, and 2) fIn contrast with linear
. S ‘

»

A

e
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SAT-verbal Form 3BSA3 equated to SAT-verbal Form YSA2 and SAT-verbal

Torm 3ASAL - Plots of 1) IRT pre-equating raw to scaled score trans-.

formaticn compared to corresponding intact form cz}li’bratioﬁ system IRT;

direct tink IRT,. and operational linear equating raw to scaled score.

transfarmations, 2) differences between scaled sccres (IRT pre-equating -
comparison equating) resulting from the equatings.
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Table 4

Scaled Score Summary Statistics Resulting from Application of Four Equating Methods
SAT-verbal Sections of Forms 3ASA3 and IBSA3

.

—8lz-l—. .

o 7 IRT Tntact forn | IKT Intact Forn | Intact Forn Linéar | IR Pre-equating
Porm N (Dire;;igiﬁkiiﬁrﬂr(Céi}ﬁtatidn System)
o I 437,04 437.01 R 199.06
sk | 196,788 === — —— —
-l 7S:D. S 1L 111,30 108,34 R %9?;§§, B
o 450,25 §30:42 13L:44 140,39
3BSAY | 253,354 |~ — = — S En—
5.0, 105.99 105.57 i __‘__1_'05.53 110,55
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equating, curvilinear relationships are permitted. The residual plots,
in COAjunCtioﬁ with data presented in Table 4, to be described next,
provide much of the data upon which to evaluate the results of this
study.
Table 4 prOvidéé the scaled score ﬁeéﬁé éﬁ&qgféﬁdérd deviations for
Porms 2ASA3 and 3BSA3 that would have resulted from use for score
reporting purposes of pre-equating, intact form calibration system IRT
equating, intact form direct 1iﬁk IRT equating, and intact form linear
equating to the old forms. The means and standard aééiéfiéhs,wéfé
.

computed using frequencies for the total groups taking Forms 3ASA3 and

.3BSA3,at the respective initial intact form administrations.
Based on the data presented for Form 3ASA3, it is clear that the

pre-equating was Quité_sﬁCCééééui. In no residual plot is the

differance between the scaled score resulting from the pre-equating and

the comparison intact form caifﬁféfiéﬁ system IRT or direct lirk IRT
‘equatings more than 15 score points on é“écéié‘containiﬂg'GOGWééafé~~w“~ S
points. The differences between the éré;quéting results and the intact
form linear results are graatér than the differences reSuiéing from the
score écéié, This is be¢éd$é\§ii three IRT equatings demonstrate that

the raw to scaled score conversion 18 curviiinearﬂiﬁ‘tﬁis region, and

the Iinear equating canrot accdunt\€0r this curvilinearity. The

differences in scaled score means and standard deviations presentad in
Table 4 are very small., The scaled score means and standard deviations
resulting from the two IRT methods used as criteria are almost
idénticai: The scaled score mean resulting from tﬁe ﬁié—éddéiiﬁg {;es

*
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calibration system or direct lick IRT &quatings and the scaled score
nean resultring from the intact form linear equating. The scaled score
difference between the mean resulting from the pre-equating and any of .
thé other equatings is about 2 points. What is particularly interesting
to note is the pattern of the residuals plots for the comparison of the
link IRT equating réBults, displayed in Figures 3-5. The patterns of
résiduals are the same across both the single equatings and the average
equating. The pre-equating results in lower scaled scores at the bottom

and top of the formula score scale and slightly higher scaled scores in

>

ttemselves are minor when compared to, for instance, the scaled standard

..éfibiméfmﬁEQsﬁreménﬁ,fot;SATéve:béiiwwhiqh,iémépproxima:eiy 0. scaled . ... ...

score points.

pre-equating for Form 3ASA3. The residual plote show maximum
differences in scaled éEoEés resulting from the pra-equating and the
opevattonal calibration system or direct iiﬁk IRT éQuating of upwards of
20 5¢§fe points. OCnce again, the differences Betwgén.iﬁéhﬁfé-éddétiﬁg
and the intQCt form linear gﬁuating afé even éfééiéf,xbaftiﬁhlérly in
the regions of the formula score scale whéfg.thé raw to scaled

standard deviations résulting from the pre-equating and the comparison
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equatings are mygh larger than those for Form 3ASA3. The two IRT

nethods used as criteria produced scaled score summary statistics that
* : . .

ire very similar. Unliké the equatings for 3ASA3, scaled score summary

statistics produced by the linear equatings are fairly similar to those

produced by the .IRT criterion equatings. The scaled score mean

résﬁiiiﬁg from the préLeQuating;ié about ten points greater thaum the
scaled score meahé réSuitidg from the IRT Intact form calibration
system, IRT intact forl direct iink, and intact form linear equatings,
which are all éith;ﬁ a scaled score point of each other. Once again,
the patierns in the residual plots for the IRT pre-equating and the

. comparison IRT equatings are tHe same across both of the single
Muatings (to xSAz and to 3ASAl) and, .hence, the sﬁbsequéﬁt average
S4uating. The pre-equating féédiié;id slightly lower scaled Scores at -
scores through the middle and. upper end of tﬁg formula score ééélé. The

..maximum differences-occur 3nméiiupidtém:f6dﬁ&Né.Eéiﬁuia“scoreﬂof“iﬂ.w”yﬂNA

Supplemental Investizations and Results

A nimber of possible explanations were geﬁératéd:fo% why the 3BSA3 -
pre=eguating results were different from the 3BSA3 c0mp;fiséh equating
results and clearly not of ;ﬁé g2me quality as the 3ASA3 ﬁfé—eﬁuatlng
 féé§iE§; Exploration of these possible reasons fof;ﬁhé inferiority of
the 3BSA3 pré—équating'réguiié are réﬁorted on néxt, and also digcussed
briefly in tﬁe'conciqsiohé section;

One possible explanation for the 3BSA3 pre-equating results has to
do with practice éffétts.generated from the manner in which the test

sections are sequenced. In other woids,'for'SASAB there may have been
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more or less of a balancing effect of the sequencing of the operational
final form éection'énd the pretest section (perhaps in about 50% of the

final form = pretest combinatfons represented in Figure 1 the

 combinations the pretest section appeared first), while for 3BSA3 the
balancing may not have occured. it.can be hypothesized, given that the
3BSA3 pré;équatihg‘rééuité are consistently higher in the upper part of
tﬁé formula Score scale than’any of the comparison equatings, that the
prétést section followed the operational section in a disproportionate
numSer of .cases; and that practice effects resulted. An investigation
bé the sequencing of sections did indeed show that, for 3BSA3, the
pretests occurrad aftar the operational sections in 65% of the final
form - preteést combinations, but for 3ASA3, this was true 64% of;thé
time. Herice it would appear that the above explanation cannot be used
to explain why the 3BSA3 pre-equating réSuité were éo different from

those for 3ASA3.

Two other poténtiéi expianations for differences in pre;eduating ‘
results have to do with equating samples and LOGIST calibration runs.
These éré:

| o _ o - - - - \‘,, R [ I

*1, The uwse of two different equating samples with the 3BSA3 intact
form calibrétidn{syétem and direct link equatings. In doing the
the same equating section, fm, was in common ﬁitﬁ old forms XSA2
and YSA3, and hence the same sample, and subsequent Set of
parameter estimates, could be used fof both equatings. This was

not true for 3BSA3 in that fk was in common with YSA2 and fw

38
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with 3ASAl. This necesgitated the use of two aifterent samples,
and hence, two different sets of iltem parameter estimates (both
sets taken from the SAT IRT Scale Drift Study) to perform the
equatings.

2. The use of different versions of the LOGIST program to generate
item parameter estimates. For 3ASA3; both the pretest ‘and the
final form parameter estimates were generated from the current
version of LOGIST, and this is also trué of the 3BSA3 pretest
parameter estimates To save on caiibration Costs; the’3ﬁSA3

- final intact form parameter estimates were recovered from the

SAT -IRT Scale Drift Study (Petersen, et al, in press) run oﬁ a

different version of LOGIST. _It is possible that the updating

and Eéfiﬁéaéni of the LOGIST program caused subtle differences
'in parameter estimateé; which colléctively caused the : \
differences seen in the res'i’duai. plots for 3BSA3.

The poSéioié_expianations.aboue implicitly assume that it is not the-
pré-equating for 3BSA3 that is somehow faulty, but instead the
comparison IRT equatings. To investigate whether or not it 1is
iééééﬁésie to explain the differences in pre-—equating results this way,
the foilowing was done. The operational final Eéiﬁ—édﬁéiiﬁg section
combinations needed to equate intact final form 3BSA3 to old forms YSAZ
and 3ASAl (see Figure 2) were run together in one large LOGIST: run,
using the current version of LOGIST and the intact final form equating
.redone. Aé a reSuit, thé-parameter'estimates for the 3BSA3 pre-equating

and the 3BSA3 intact final form equating were generated using’ the same

version of LOGIST. Further, by running the data for 3BSA3 and thé two

i
. O D)
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old forms concurrently, there .was no need for scaling parameter
estimates (all parameter estimates aeeded 1n the equating’are
autdméficéiiy ofi the same scale) and only one set of 3BSA3 final form

‘parameter estimates were used in the équétiﬁg (unlike the previous IRT
gomparison equatings): In sum; the results 6fjequatiﬁg-iﬁiééf final
form 3B5A3 to the old forms using the parameter estimates from the
concurrent LOGIST run should provide the best criterion possibie for
_evaluating the 5E§A3'prg—equééiﬁé results.

A compagi.san of the 3BSAS pre-equating results to this new IRT

.Cbmparisbn_equéfiﬁé is presented in Figure 9 for each of the single
equatings aﬁ&.éﬁé average equating. The new ‘comparison equating has.

gfgééﬁ iabeied intact form concurrent equating im this figure.
Information on the scaled score éﬁﬁﬁéfy éiéiiéticé rééuiting from this
dew equating and théloiﬁéfé previously déééribéd ig presented in

Table 5.

The results presented in Figure 9 clearly lead to the conclusion
that it i5 not the comparison IRT éaaétmgs for Form 3BSA3 that are
faulty, but rather the Form 3BSA3 pre-equating results. The data
presented in Figure 9 show dlfferences between the IRT pre—equating and
the intact form concurrent IRT equating that are comparable,to the
jifferences in the residual plots using the other intact form comparison

.eddatings,‘ Thus the posqtble explanations for differences in equating
results based on the use of different versions of LOGIST and multiple
sets of parameter estimates; generated érom the IRT Scale Drift Study

(Petersen et aii in press) must be discounted.
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The only “other pOSSibié éxpiénétidn for- the differences between the
Form 3BSA3 pré—ééﬁating and intact form comparison equating results has
to do with the quality of the parameter estfmates for the 85 3BSA3 items
when they appeared in pretest éé?ﬁ; In otdé;ﬁfbr the equatings to be as
discrepant as they éEé; the pretest and fiﬁéi form parameter estimates
for certain of the items must be quite different. The following method
was used to compare these two sets of parameter estimates ia an attempt
to locate those items for which the pretest parameter éétimétés‘wéré;
problematic. A mean absolute difference and a mean éigned.differéncé
‘Bét&éeﬁ the item respomse functions for each item, where the functions
were generated using the pretest and the final form parameter estimates,
were obtained. Using all inai-aiauaig in the sample taking Form 3BSA3
when calibrated as an intact final form, the absolute differencé and the
éignéd diffe;énce between the item responsé functions for each person
(i.e., value of 9) déEe'QBtaiﬁéd and then averaged across people. Items
having the largest mean absolute difference and signed absolute
difference valués were then located. The above ana1y91é‘w$§ also done

for the two sets of Form 3ASA3 item parameter estimates so that the

ste-equating results were more than acceptable, could be compared to the
38SA3 discrepancies.

Using the mean absolute and mean signed &ifféréncéé between the item
response functioms as criterta for selection of problematic items,
inspection of these two Subsets of problem items, they were found to

differ considerably in characteristics. Of the thirteen items

44
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o o , e /“7 ,
identified for Form 3BSA3, eleven were reading comprehensiqn items. Of
the eleven, four were based on the same passage and -three on énothér.
passage. The remaining four reading comprehénsion items were single
items based on four different passages. Of the twelve items identified
for Form 3ASA3, four were reading compréheﬁsicﬁ iiéﬁé (two f:om one
pass age, the other two from two other passages different from the
first), four wetre antonym items; three were analogies, and one wWas a
sentence completion item. Of ‘the thirteen 3BSA3 items identitied
twelve were more difficult when glven in a pretest than in the finatl
forr. Of the twelve 3ASA3 items, seven were more difficult when given
in a protest and five whéri givéri as part of the intact final form.

Upon closer inspection of the eleven feé'din’g compréhénsion@t'éms
'f;om 38843 exhibiting large absolute and signed differences in.item
Eééﬁéﬁéé functions, it was fbuna thét.niné of these items came Erom
final pos1tion of the preﬁest section. For all but one of these items, -
the item as it appeared in the pretest was more diéficﬁit,;ométimes’
cowsiderably more, than when it appearéd in the final form. For the
tone exception, a word was deleted from the Lorrect responese (the only
such occurrence on éither 3ASA3 or 333A3) between the time when the item
was given in a pretest and the time it appeared in the final form. This
word also appeared as a key word in the text of the passage and it may
be hypothesized that it acted as a "clue" to the correct response, thus
explaining the increase in ﬁifficuity ypon removal of the word from the
corréct response when the item appeared in the final form. Figure 10

contains plots of the item response functions based on pretest and

45
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Figure 10: Plots of item response functions based on pretest and intact fipal form
' item parameter estimates for thirteen problematic Form 3BSA3 items.
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intact final form parameter estimates for the thirteen problematic 3BSA3

items, identified by item type. For the reading comprehension items

(numbered 1-11), items npﬁbéréd~i—4 dre all based on the same reading
passage, as mentioned carlier; and items numbered 5-7 are based on the
other passage discussed. Reading comprehensicn item number 11 is the ’
{tém in which the word was deteted from the correct response between
when the item was given in pretest and in'finéi form. The Eéméiﬁiﬁé two
problematic items are présentéd after the reading céﬁbiéﬁéﬁéibﬁ iiéﬁsj
one of the items is an analogy item and the other is an antonym item.

Upon iﬁsﬁébtidn of the four problematic reading ébmptehénéioﬁ items
~ideﬁtifiéd in Form 3ASA3, it was determined that, exactly like the
situation for Form 3BSA3, the items were located in pretests where éhé
passage they ﬁé?é linked to was located last in the pretest section.
pretest section than:in the final form.

On the basis of the sbove data; it may be hgpothe’sized ‘that either
something appféééﬁiﬁé a "fatigue factor" ié being exhibited in the

féhdam résponsas are being supplied by these candidates to certain of
the questions based on this last passage. In eithér casé, the itemis are
msre difficult in the pretest than ;hey are in the final form, where due
to passage location, a fatigue factor or the supplying éf random
respouses is not occurring. The data on the reading Compréﬁénsion items

from both 3BSA3 and 3ASA3 are consistent with this statement.
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If the above is happening to pretast reading comprehension items

concerned about whether there cre large discrepancies in parameter
estimates Bégweén prétest and final form for reading comprehension items
in the intact final form based on passages at the end of the SAT-verbal
45 item and 40 item sections. The 45 item SAT-verbal ééctiqns.dd not
end.with reading comprehension items, but the 40 item sections do. For
3A8A43, the passage upon which the last set of reading compréhédsion
items (itéms 36-40) were based was also located in the £inal position in
the prétest.. Two of the five items demonstrated discrepancies large
enough to be included in the overall set of twelve iteme discussed '
earlier. For 353A3, fﬁe passage upon which the last set of reading

comprehension items (1tems 36=40) were based was not located at the end

‘of the pretest section. It was, however, the only reading comprehension

passage in the pretest, and one of these last five items (36-40) in RNV

3BSA3 did exhibit Iéféé discrepancies in pretest-final f;rm parameter :

estimates. Thus it would appear that whilé the outcome in terms of

paramétéf estimate disééépancieg for reading comprehension items located

at the én&‘éf‘éAT-VerBéi sections is not as clear cut as for comparable

pretest réadiﬁg é6ﬁ§féﬁéﬁ§£6& items, there is still cause for COnée;n. \
The effect on equating of Having, in particular, reading

comprehension pretest item difficulties estimeted to be lower than they

sre when estimated on.inmtact final form data is predictable, and

demonstrated in the ?5?&»333#3 pre-equating results., If the éame items

are more difficult in the first "test" (made up of pretest items) than

in the seéon (made up of the items in the intact final form), then the

\
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samé raw Score on both. "tests" should result in a higher scaled score on
the first "test" than the second. This appears-to be exactly what is

" happening with the 33§A3l§re-equatiﬁg resuits. TFor 3ASA3, on the other
hand; there is moré of a balancing effect of the discrépancies between
pretest and intact final form parameter estimatés‘ahé~ﬁh? resalt is that

the pre—equating and the intact final form comparison IRT equatings more

-

cibseiy coincide. One might still be concerned, however, about the fact

that any discrepancies at all showed up between the pretest and intéc;
final form parameter estimates, particularly for 3ASA3, vhere the

problem with £inal passage reading comprehension items was minimal. &

'_w\study by Cook, Fignor, and Petersen (1982), examiﬁiﬁg ‘the stability over

'?time of intact final form SKI-verbal (and other’ testing data) parameter
estimates, can be used to address this issue. The magrltudes of the
" discrepancies found in the Cook, et al, (1987) study, based on the. same

iatact final form items given on two occasions, were of. the magnitudes -

of the discrepaucies found in this study. Hence, the lack of parameter -

1

invariance demonstrated by cértain of the items in this study may not be-

such a serlous_cause for concern; this will be discussed further in the

conclusions  sectioit.

In concluding t.uls section, omne other noteworthy result should be

mencioned; this follows from a comparison of the intact form calibration

system IRT equating to the intact form direct linmk and intact form,
concurrent IRT equatings. It ﬁéﬁid appear, based upon the equatings
dbhe, that the equating is more than edequate when done through the

\
indirect 1ink1ng of the new and old forms used for equating via the

[

cn‘
ey
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overall calibration s?stém; That is, even though in this situation the'
’ !

forms to be equated are linked indirectly through intervening LOGIST
runs, and ﬁaraﬁétérﬂestimates placed on a scale defined by the ability
distribution of the saapié taking a form not¥used in the é&ﬁéfiﬁgé, the
1inking the new and old forms directly (direct link equating) or
calibrating all data concurrently so that new and old form parameter
estimates are automatically on the same scale. This has important
implications for the future construction of a large pool of éaliorated
items and test forms to be used in intact final form IRT equating of

éAf—verbai. ~
Conclusions

The results of pte-equating the two forms of SAT-verbal réported on
in this studﬁ; when éoﬁﬁaied to the intact final form IRT equatinga

.

marginally acceptable for Form 3BSA3. Reasons for the fnferiority of
the Form 3BSA3 pre—equating results, having to do with the 1ocation of
*eading passages and reading comprehension items at the end of prexest

sec cions,'have been advanced and discussed. The overall resuIts of the

pre-equating of the two forms of SAI—verbal were deemed sufficiently

promising that an investigation . of pre-equating two forms of~
4“2 -

SAI—matHematical is presently being undertaken. Data from" the second

study, when considered “with the data from this study, should supply

information necessary for the consideration of IRT pre-equating of the

52
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SAT on a regular ooeratiouai basis. The results reported héré also have
clear implications for éhaiigés in test deVvelopment practice, having to °
do with Eﬁé.@&éiiioniﬁg‘af pretest and final form reading oomﬁreﬁehsion
ftems and making "minor" changes in the wording of items between -pretest
and final form, if pre-equating the SAT-verbal section is to become a

: N

v

reality.
On a more géﬁéiéi level, the results of this Study indicate that the

\

_pretest form did not remain invariant whea given in intact final form.
Based on the results of recent studies; particularly Cook, Eigndr, and -
Petersen \1982), parameter invariance for all items in a test form would

not be éipected to be the case. The real issue is wnether the  lack of

parameter invariance is serious enough to cause one to dismiss the use

_of item response theory for the particular application of coﬁcerh. The"

'application in this study is pre—equating and the results, particularly
as they pertain to SAT~verbal Form 3A43A3, suggest that éven though there
- {8 some lack of parameter invariance; IRT pre-équating may be a

o

reasonable equating method for the SAT-verbal section.
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